Hepatocellular carcinoma has been known to arise commonly in the setting of chronic liver disease. Due to its association with cirrhosis, patients with hepatocellular carcinoma often present with markedly diminished hepatic functional reserve, making them poor surgical candidates. For such patients, image-guided percutaneous ablative modalities have provided a viable alternate curative therapy. Although treatment allocation is a decision based on a number of factors, patients eligible for percutaneous ablation generally include those with early stage disease, hepatocellular carcinoma with disease limited to the liver and no extra-hepatic metastases. While percutaneous ethanol injection is the seminal technique, newer developments have led to it being replaced by percutaneous radiofrequency ablation as the most commonly employed procedure, due to a better efficacy as well as safety profile. Other ablative modalities including microwave ablation, laser ablation and cryotherapy are not as widely available. Furthermore, data comparing their effectiveness with well-established procedures like radiofrequency ablation is limited.
INTRODUCTION
The past two decades have seen percutaneous ablation emerge as an exciting new therapeutic approach for the treatment of hepatic malignancies worldwide. While surgery is still regarded as the mainstay of therapy for hepatocellular carcinoma (HCC), high tumor burden and reduced hepatic functional reserve, as often encountered in such patients, precludes surgical resection in a significant proportion of patients [1] . For such patients, image guided local ablation has provided a viable curative option that has significantly prolonged survival and improved cure rates [2] .
As the fourth leading cause of cancer related deaths in the world [3] , hepatocellular carcinoma remains one of the most feared complications of liver cirrhosis to date. The tremendously high case-fatality rate of this malignancy is often attributed to the relatively advanced stage of disease at the time of diagnosis in most cases [3, 4] . Although adoption of intensive surveillance programs for patients with underlying chronic liver disease have allowed for earlier detection of HCC [5] , prognosis remains poor for most patients, as evidenced by the short median survival following diagnosis, ranging from 6-20 months [6] . Nevertheless, most guidelines recommend screening at-risk individuals, such as those with chronic liver disease, with a non-invasive and cost-effective radiological investigation like ultrasound every 6 months.
HCC arises most often in the setting of cirrhosis, with an incidence of HCC development being as high as 1%-8% per year in chronic liver disease patients. Furthermore, the disease prevalence has been found to reflect the geographical distribution of the risk factors for cirrhosis [7] . Areas with a high prevalence rate include Eastern Asia and Sub-Saharan Africa due to the presence of chronic HBV infection, which is considered to be the dominant risk factor for chronic liver disease [8, 9] . Optimal therapeutic approach is individualized to each patient, and should ideally be determined by a multi-disciplinary team comprising of hepatologists, surgeons, oncologists, radiologists, interventional radiologists and pathologists due to the complexity of the disease. Factors that need to be considered when determining treatment approach include liver function, size and number of nodules, tumour extension, age and co-morbid conditions of the patient. Nature of the underlying chronic liver disease may also play a part in this decision, particularly in cases where the oncogenic agent is expected to persist following treatment, reducing the viability of invasive procedures like surgical resection.
Guidelines such as The European Association for the study of Liver and The American Association for the Study of Liver Diseases recommend algorithms based on the Barcelona Clinic Liver Cancer staging system for the purpose of staging and treatment allocation. Although it has a number of limitations, the BCLC staging system has been validated in different settings and is commonly employed in many countries [10] . The algorithm stratifies patients into five categories, based on the disease stage. In general, potentially curative treatments such as tumor resection, liver transplantation and percutaneous ablation are reserved for patients with early stage disease, classified as BCLC stage 0 and BCLC stage A, while patients in BCLC stage B, C and D presenting with advanced disease are offered palliative treatment options like chemoembolization and Sorafenib or supportive care [ Figure 1 ].
Since their introduction, The Milan Criteria have become the standard guidelines for hepatic transplantation [11] . These criteria restrict liver transplant to patients with either a single tumor less than 5 cm in diameter or less than three foci of tumor each with a diameter of no more than 3 cm, absence of angio-invasion and extra hepatic involvement. Using these criteria, excellent 5-year survival rates of 70% or greater and a 15% recurrence rate have been demonstrated by multiple studies, indicating their importance in predicting prognosis in HCC patients undergoing liver transplant. The Milan Criteria has also been found to produce excellent results when used for treatment allocation of patients with early stage disease, who may be candidates for other curative procedures like surgical resection or loco-regional ablative treatments
PERCUTANEOUS LOCAL ABLATION
Since their advent in the 1990s, percutaneous local ablative techniques have been continuously evolving owing to rigorous research and clinical testing in this area [12] . While percutaneous ethanol injection was regarded as the primary ablative therapy up until the turn of the century, recent years have seen it largely being replaced by newer modalities like Radiofrequency ablation. Although encouraging results have been reported for both in terms of treatment response and long-term survival, differences exist in terms of applicability and adverse effects of each, and the decision to use one over the other is often individualized to each patient and requires careful patient evaluation and triage.
PERCUTANEOUS ETHANOL INJECTION
Percutaneous ethanol injection (PEI), performed under local anaesthesia with ultrasound guidance, involves injecting ethanol intra-lesionally using non-cutting needles over multiple sessions in the outpatient setting. By promoting cellular dehydration and occlusion of smaller tumor vessels, ethanol induces coagulative necrosis and a fibrous reaction leading to complete necrosis of most lesions. PEI is a well-established therapy, particularly for the treatment of nodular HCC, owing to the ability of ethanol to diffuse through the soft malignant tissue and the firm consistency of the surrounding cirrhotic liver parenchyma [13] .
In general, tumour response following PEI is determined by the size of the lesion as well the degree of hepatic dysfunction. Tumours smaller than 2 cm show the best response in terms of disease eradication with 90%-100% of lesions showing complete response, while larger lesions have shown a high rate of local recurrence when treated with PEI [14] [15] [16] . This is postulated to be due to septae within larger lesions, presenting barriers to the diffusion of ethanol, leading to an incomplete response. With recent technological advances however, including the introduction of a multipronged needle with retractable prongs, even larger tumors up to 4 cm in size have demonstrated complete response rates as high as 80%-90% [17] .
With 5-year survival rates as high as 47%-53% in patients with early stage disease, PEI has shown encouraging results [18, 19] . It is however, associated with a high local recurrence rate of 43%, particularly for lesions larger than 3 cm in diameter, which undermines its curative capacity when compared with newer ablative modalities like radiofrequency ablation (RFA) [20] . Child-Pugh C PEI may be considered as an alternate curative approach for patients with limited hepatic malignancies who are poor surgical candidates. High local recurrence rates preclude PEI in patients with tumours larger than 5 cm, or with a volume in excess of 30% of the total liver volume. Other contraindications include extra-hepatic disease, involvement of the dome of the liver, portal vein thrombosis and ChildPugh class C cirrhosis.
Although rare, serious adverse effects associated with PEI include intra-peritoneal haemorrhage, liver failure, bile duct necrosis or biliary fistula, portal vein thrombosis, hepatic infarction, hypotension and renal failure [21] . The incidence of such major complications has been found to be as low as 2.2% according to some studies. Other minor side effects experienced more commonly include localized pain and peritoneal irritation secondary to ethanol leakage [22] .
THERMAL ABLATION
Thermal ablative therapies for HCC include hyper-thermic treatments like radiofrequency ablation, microwave ablation, and laser ablation as well as cryotherapy. Hyper thermic modalities typically achieve destruction of the tumor by exposing the tissues to cytotoxic temperatures. While hyper-thermic techniques are mostly administered using a percutaneous approach, open or laparoscopic approach is often employed for cryotherapy [23] . Compared to RFA, Laser and microwave ablation have not been as well studied and are not widely available.
RFA
By generating an alternating electric field within the tissues using a needle electrode, radiofrequency ablation relies on ionic vibrations to generate large amounts of frictional heat, inducing temperatures in excess of 60 C, leading to irreversible cellular damage [24] . By producing a safety ring within the peri-tumoral tissue, RFA is better able to achieve complete eradication of the primary lesion, as well as micro-satellites located within its proximity. Due to the larger ablation area of up to 3 cm with each application, RFA is also able to achieve complete eradication of the disease, requiring fewer number of electrode insertions, when compared with PEI.
Using RFA, treatment response has been found to correlate best with the size of the lesion; a complete response rate between 80%-90% in tumors up to 3 cm in diameter [24] [25] [26] [27] , and 50%-70% in lesions between 3 and 5 cm in diameter [25, [28] [29] [30] [31] . Five-year survival rates following RFA were reported as 48%-71% by some studies [32] [33] [34] . As with local tumor control, survival following RFA was also found to correlate best with the size of the lesions. For instance, three-year survival rates for lesions > 5 cm, 2.1 to 5 cm, and ≤ 2 cm have been reported as 59%, 74%, and 91%, respectively by a study comprising 302 patients [35] . When compared with PEI, significant differences have been observed particularly in terms of local control of the disease, as evidenced by local recurrence rates of only 2%-18% following RFA, as compared to 11%-45% in case of PEI [36] [37] [38] [39] [40] . Like PEI, radiofrequency ablation is indicated in patients with early stage liver-only disease, who are candidates for curative therapy but do not meet the resectability criteria. It has also proven efficacious in the treatment of recurrent HCC lesions following partial hepatectomy [35, 41] . It should however, be avoided in case of lesions located in the dome or the inferior edge of the liver due to the risk of diaphragmatic injury [42] . It is also advisable to avoid RFA in case of sub-capsular tumors located within 1 cm of the hepatic capsule, due to the risk of needle-track seeding, which was observed in 4 out of 32 patients in a series [43] [ Table 1 ].
With RFA, severe complications have been thought to occur at a rate of 2.2%-11%, with procedural mortality rates of 0.1%-0.8%. These include fatal, such as liver failure, colon perforation, and Portal Vein Thrombosis as well as non-fatal complications like liver abscesses, pleural effusion, skin burns, hypoxemia, pneumothorax, sub-capsular hematoma and hemo-peritoneum . RFA, when employed for the ablation for sub capsular tumors located within 1 cm of the hepatic capsule, can also potentially lead to needle-track seeding, as has been observed in several studies.
LASER ABLATION
Percutaneous laser ablation employs laser fibers inserted directly into the tissues to deliver light energy capable of inducing coagulative necrosis within the malignant tissue. While the volume of necrosis that can be achieved with a single bare laser fiber is 2 cm, a greater area of ablation can be achieved with the use of multiple fibers [18] .
The safety and efficacy of this technique are not as well-documented, and the availability of data comparing its effectiveness with other ablative modalities is limited. A complete response rate of 78% was observed following laser ablation in a study of 432 patients, while the local recurrence rate was found to be 20%, with 3-and 5-year survival rates as high as 61% and 34% respectively [48] [49] [50] . The safety of laser ablation has also been found to be comparable with other percutaneous modalities like RFA with major and minor complication rates of 1.5% and 6.2% respectively, and a mortality rate of 0.8% as reported by an Italian study [51] . While these results may be encouraging, they do not provide evidence of greater efficacy or a better safety profile over alternate technology that is available at a much cheaper cost and hence, much more readily than percutaneous laser ablation [52] . These factors have restricted the use of laser ablation mostly to European countries.
MICROWAVE ABLATION
Most commonly used in China and Japan [53] , microwave ablation generates microwaves using implanted electrodes to induce molecular rotation, generating heat which is even being distributed evenly. By doing so, it creates an ablation area in the shape of the needle.
Like laser ablation, data for microwave ablation is also limited, but studies have indicated complete response rates between 89% and 95%, while three and five-year survival rates have been reported as 73% and 57% respectively [25, [54] [55] [56] [57] [58] . As seen in case of RFA, survival following microwave ablation was also affected by tumor size, number of nodules and Child-Pugh class.
When compared with RFA, although no significant differences in efficacy were observed, local recurrence and complication rates were found to be lower in case of RFA. Nevertheless, an important advantage favouring microwave ablation (MWA) over RFA is that its effectiveness is not limited by the proximity of the tumor to large vessels. Unlike RFA, MWA can also be used to perform multiple ablations simultaneously, in case of tumors with multiple foci, however this technique is not as widely available. 
RFA VS. SURGICAL RESECTION
Underlying chronic liver disease presents a significant challenge in the treatment of hepatocellular carcinoma. Hepatic failure often complicates surgical resection in cases where hepatic functional reserve is significantly depleted. The decision to avoid surgery and opt for alternate loco-regional ablative procedures in such cases thus seems rather prudent.
Where hepatic function is relatively preserved and lesions are amenable to resection, surgery is still regarded as the mainstay of therapy, although a case can be made to opt for Radiofrequency ablation here in light of the unavoidable risks of the procedure and the hospitalization. Even when performed by highly experienced surgeons, operative mortality rates ranging from 1.6%-10% have been observed in various studies [59] . Whereas percutaneous radiofrequency ablation is much less invasive, is associated with a lower rate of complications and mortality, and usually involves short hospital stays if needed at all. Unlike resection, it can also be used in cases where HCC arises in the setting of cirrhosis secondary to oncogenic stimuli expected to persist following treatment, such as metabolic conditions like hemochromatosis. Furthermore, RFA as well as PEI may be used as bridging therapies for patients with HCC scheduled to undergo liver transplant.
Unfortunately, studies directed at comparing the efficacy of RFA relative to surgical resection have failed to provide sufficient evidence to support its use in cases where patients may be candidates for both. In fact, some studies have even reported better outcomes, in terms of 3-and 5-year survival rates following surgical resection, as compared to RFA. The results of one such study performed on a cohort of 225 participants fulfilling the Milan criteria have been presented in Table 2 and show significantly higher survival rates for patients following resection [60] .
With careful patient selection and good operative technique, surgical resection has been shown to achieve 5-year and long-term survival rates of 78% and 40% respectively. Such optimal criteria for patient selection include patients with solitary lesions less than 5 cm in diameter, absence of angio-invasion or hepatic metastases, and adequate surgical margins of at least 1 cm. Current guidelines such as AASLD also recommend hepatic resection over RFA for patients with resectable T1 or T2 HCC and Child-Pugh A cirrhosis.
RFA VS. PEI
While PEI has shown to be almost as equally effective as RFA for small tumours, and costs much less since it requires a minimal amount of equipment, its use has largely been restricted to situations where RFA might not be available or for lesions located near the gall bladder, hepatic hilum or major vessels, precluding thermal ablation [25] . Factors responsible for this may include peri-procedural pain and the need for multiple settings, both of which contribute to non-compliance, as well as higher local recurrence rates in comparison with RFA as observed by various randomized trials and meta-analyses [61] .
While both RFA and PEI have proven their feasibility and applicability in cases where surgical resection is not a viable option, some studies do provide evidence of greater efficacy with the use of RFA, as evidenced by greater 3-year survival rates as well as the lower rate of local recurrence following its use, as summarized in Table 3 [62]
. Radiofrequency ablation has shown the best results when used for smaller tumors, particularly those smaller than 3 cm. While the percutaneous approach is employed most frequently, RFA can be administered via the laparoscopic or open approach as well, preferred in case of lesions located near the inferior edge of the liver, in close proximity to adjacent organs. Other emerging loco-regional procedures like microwave ablation, percutaneous laser ablation and cryotherapy are not as widely available and have not been studied as well.
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